Abstract: Sarcoidosis is a systemic granulomatous disease of uncertain etiology, which predominantly affects the lungs, eyes, lymph nodes, and skin. Nervous system involvement (neurosarcoidosis) occurs in approximately 5-10% of patients, but spinal cord involvement is very rare, affecting <1% of patients. We present a rare case of intramedullary sarcoidosis.
Introduction
Neurosarcoidosis is relatively rare, and sole spinal cord disease is extremely rare. Intramedullary spinal sarcoidosis, as observed in the patient described in this report, is seen in less than 1% of cases of sarcoidosis. 1 To date, very few cases have been described in the literature as the initial manifestation of spinal cord sarcoidosis without overt systemic complaints. We present the case of a 44-year-old African American man who had an intramedullary expansile patchy spinal cord lesion in the cervical and thoracic segments, which is very suggestive of spinal sarcoidosis.
Case presentation
The authors confirm that written informed consent has been provided by the patient to have the case details and any accompanying images published. Institutional approval is not required for publishing case details.
A 42-year-old African American man with a past medical history significant for uncontrolled type 2 diabetes mellitus and hypertension was transferred from an outside facility owing to acute numbness and a tingling sensation in the legs, with progression to difficulty in walking over the course of 2-3 weeks. His symptoms started with neck pain and stiffness. Shortly afterwards, his legs began to feel heavy, then he developed a sensation of numbness and tingling. He described his problem as "trying to search to find the floor with my feet". It progressed to the point where he could not walk independently, following which he approached the emergency department. He also had a loss of fine motor skills, so that he was no longer able to type on his phone. Around the same time, he noticed a sensation of bladder fullness despite urination, but no issues with defecation.
A review of systems was negative for lymphadenopathy, fever, weight and appetite changes, cough, shortness of breath, and chest pain. He denied any known allergies or exposure to molds, chemicals, or asbestos. He also denied a history of tuberculosis (TB) exposure. Family history was not significant. He works as a police officer. He uses alcohol occasionally, but denied smoking or recreational drug use. His vital signs were within normal limits. Cardiology, head and neck, skin, gastrointestinal, and pulmonary examinations were normal. He was alert, and oriented to time, place, and person. On neurological examination, his language was fluent and he had a normal attention span. Cranial nerve examination was normal. Sensation for pinprick, temperature, and light touch was abnormal from sensory level T5-T6 and below. He had normal bulk and tone. Strength was 5/5 (Medical Research Council grade) throughout except in the left deltoid and iliopsoas, where it was 4+/5. Reflexes were graded 2+ in the bilateral upper and lower extremities. A gait examination could not be completed as he was not able to stand up for long without falling. Neurogenic bladder requiring a Foley catheter, and proprioceptive defects in the distal lower extremities, were present.
As the initial part of the work-up, magnetic resonance imaging (MRI) of the brain along with the cervical and thoracic spine was performed with and without contrast. Brain MRI showed no abnormal intracranial mass or enhancement. A heterogeneous expansile intramedullary spinal cord lesion centered at C5-T3 was seen, with nodular foci of enhancement at C3 and C4, along with moderate spinal canal stenosis ( CSF cultures and cytometry were negative. Initially, the plan was to obtain a spinal cord biopsy, but having noticed incidental bilateral hilar lymphadenopathy on thoracic spinal imaging, computed tomography (CT) of the chest was performed. With definitive hilar adenopathy, the spinal cord biopsy was cancelled and a transbronchial biopsy of the lymph nodes was obtained. The biopsy was significant for numerous non-necrotizing epithelioid granulomas in the background of small lymphocytes, consistent with granulomatous lymphadenitis (Figure 3 ). Bronchoalveolar lavage cultures were negative. Flow cytometry of blood and peripheral lymph nodes was normal. In view of the patient's history, the presence of multiple non-caseating granulomas in the biopsy, along with patchy and nodular lesions of the spine and the lack of infectious symptoms, his presentation was felt to be consistent with a new diagnosis of sarcoidosis with involvement of the cervical and thoracic spine. The diagnosis was discussed among the medicine, rheumatology, neurology, and neurosurgery departments. Eye examination and echocardiogram revealed no evidence of sarcoid involvement. Hepatitis serology and QuantiFERON gold testing were normal. His laboratory tests were negative for HIV and anti-nuclear antibody, significant for low vitamin D levels (44.93 nmol/L), normal for vitamin B 12 and thyroid stimulating hormone levels, and normal for CSF angiotensin-converting enzyme (ACE) (31 U/L). Aquaporin-4-IgG was negative, ruling out neuromyelitis optica spectrum disorders. Myelin oligodendrocyte glycoprotein IgG was not tested. Treatment was initiated with 60 mg intravenous methylprednisolone every 12 hours. He developed a Foley catheter-related urinary tract infection, treated with ceftriaxone, after which he was started on infliximab 5 mg/ kg for one dose and subsequently discharged on oral prednisone 30 mg twice daily. During his hospital stay, he had mild improvement in sensation up to the bilateral thighs, although he continued to suffer proprioceptive deficits in the distal lower extremities. His left arm strength recovered. He was discharged to acute rehabilitation for 2 weeks. On follow-up at 2 months, he reported improvement in mobility with physical therapy. He could stand on his own when supporting himself with his upper extremities, and was able to take a few steps unassisted with a walker. However, there was not much improvement in lower extremity sensory loss and he still felt as if there were a tight band across his chest. He still suffered from paresthesia in his hands, but with normal strength. The neurogenic bladder was persistent, requiring intermittent self-catheterization and bethanechol.
Discussion
Sarcoidosis is an idiopathic granulomatous multisystem disorder, which primarily affects the lungs, lymph nodes, eyes, and skin. However, it is also known to affect other organs, including joints, liver, heart, spleen, gastrointestinal tract, nervous system, paranasal sinuses, parotid, breast, tongue, and skeletal muscle, which accounts for its myriad of symptoms and presentations. 2 Nervous system involvement is seen in 5-15% of cases, with 6-8% of these cases having spinal cord involvement; isolated spinal cord involvement is noticed in less than 0.5% of patients. 3, 4 Postmortem studies found an increasing frequency of neurosarcoidosis cases, only half of which were diagnosed prior to autopsy. Spinal sarcoidosis is underrecognized or misdiagnosed as it resembles other longitudinally extensive types of myelitis, such as neuromyelitis optica spectrum disorder, although this can be differentiated by the presence of aquaporin-4-IgG antibodies. 5 Sarcoidosis is more prevalent in African
Americans than in Caucasians of European heritage and Asians. 2 In a study conducted in Olmsted county in Minnesota, USA, the incidence of sarcoidosis was 11 per 100,000 per year in mainly white people of northern European ancestry. 6 In the Optum insurance database, African Americans had an incidence of 17.8 per 100,000. 6 In the majority of case reports in the literature, sarcoidosis occurs between 20 and 45 years of age; however, in more recent studies, the peak age was reported to be close to 30-55 years old. 6 Women are more commonly affected than men. 7 Sarcoidosis most commonly affects cranial nerves, with the seventh nerve, followed by the second nerve, being mostly frequently involved. 4 Prognosis is good for clinical manifestations such as cranial and peripheral neuropathy, cognitive difficulty, and seizures, but a bad prognosis is reported for patients with parenchymal brain lesions, meningeal disease, and myopathy. 4 The clinical presentation of spinal sarcoidosis varies depending on extradural, intradural, or intramedullary involvement. 4 Cervical and thoracic segments are most commonly affected. 4 Clinical features include radiculopathy, autonomic dysfunction, cauda equina syndrome, neurogenic bladder, paraparesis, and tetraparesis. Myelopathic features are noticed caudal to the spinal lesion, whereas radiculopathy is seen at the level of the lesion. 4 Prognosis can be favorable with early recognition and if treatment is initiated, particularly if spinal cord atrophy has not occurred. 4 Modified Zajicek criteria are used for the diagnosis of neurosarcoidosis: 8 • Definitive: clinical presentations should prompt diagnosis along with positive neural biopsy.
• Probable: evidence of central nervous system inflammation on imaging and positive extraneural biopsy with exclusion of other diseases.
• Possible: clinical presentation prompting the diagnosis with exclusion of other diseases without histopathological confirmation. 
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Our patient had probable spinal sarcoidosis according to these criteria. MRI with and without contrast is more sensitive than CT, particularly in depicting the number of lesions and extent of involvement, although it can be normal in patients who are receiving steroids. 4 CT with contrast is suggested in those with contraindications to MRI. 4 Spinal sarcoidosis can have various manifestations. Most common is leptomeningeal enhancement, followed by pachymeningeal and then intramedullary enhancing lesions. 9 MRI findings in spinal sarcoidosis can be divided into four stages: 1) leptomeningeal linear enhancement; 2) intramedullary enhancing lesions with cord enlargement due to spread of inflammation to parenchyma through the perivascular spaces; 3) normal size cord with focal or multifocal enhancement; and 4) spinal atrophy and no enhancement. 10 Our patient had stage 2 and 3 disease with multifocal patchy enhancement and cord edema. Diagnosis is challenging when spinal sarcoidosis presents without overt systemic complaints, as observed in our patient. 10 Patients with neurosarcoidosis also have a high frequency of pulmonary involvement, and hence chest X-rays can be taken as part of the initial work-up. 4 Our patient had normal chest X-ray but incidental hilar adenopathy on thoracic spine CT, which was confirmed on a dedicated chest CT. The sensitivity of ACE levels is low (24-55%), although specificity is high (94-95%). 4 ACE levels are found to be not elevated in some case series of spinal sarcoidosis patients. 9 Levels were normal in both serum and CSF analyses in our patient. The diagnosis of neurosarcoidosis is not definitive as biopsy of the nervous system is invasive and should be avoided. We confirmed this diagnosis by means of paratracheal lymph-node biopsy. Alternative diagnosis with neural biopsy is needed if patients fail to improve with standard therapy or if the likelihood of their having spinal sarcoidosis is low, even with established extraneural disease. 4 Many patients have cervical stenosis, leading to a consideration of spondylotic myelopathy, and thus they are subjected to decompression surgery with no improvement. 11 Central nervous system lesions may be small, granulomas are not well formed, and biopsy may produce negative results. 3 For asymptomatic individuals incidentally identified on imaging, prednisone or hydroxychloroquine can be given. For symptomatic cases, initial treatment with corticosteroids 1 mg/kg/day can be tried. Severe disabling cases can be treated with pulse-dose intravenous methylprednisolone followed by slow tapering based on the individual patient's response over 6-12 months. 4, 8 If no response is seen and symptoms are severe, administration of infliximab or cyclophosphamide is tried. For mild to moderate cases, mycophenolate mofetil, methotrexate, and azathioprine can be tried. Severe resistant cases may need radiotherapy and surgery. 4 In a 2018 meta-analysis of neurosarcoidosis (brain and spine) outcomes, partial or complete remission occurred in 59%, disease remained quiescent in 24%, and progression occurred in 6% of treated patients. 8 Our patient showed a good response to steroids and infliximab infusion. His motor function recovered to baseline, with improvement in proprioception in the proximal lower extremities and stable persistent distal lower extremity deficits during follow-up.
Conclusion
General physicians must have a high index of suspicion to include sarcoidosis as an important differential for patients of African American descent who are aged 20-50 years and present with spinal cord lesions. Early identification and treatment with steroids can prevent further progression of the disease. published pages including figures, diagrams and references. The manuscript management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.dovepress.com/testimonials.php to read real quotes from published authors.
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